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(57) ABSTRACT 

A laser display device, Which is capable of ensuring the safety 
of a person’s eyes and reducing speckle noise even When a 
screen is arranged at an arbitrary position, includes a laser 
light source emitting a laser light, a modulator modulating the 
laser light and emitting a modulated light, and a branching 
unit branching the modulated light into a plurality of 
branched lights. Further, at least tWo of the plurality of 
branched lights reach same positions on a screen at substan 
tially same timings. 
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LASER DISPLAY DEVICE BRANCHING A 
MODULATED LASER BEAM THAT SCANS 
BOTH BEAMS TO THE SAME POSITION AT 

THE SAME TIME ON A SCREEN 

FIELD OF TECHNOLOGY 

The present invention relates to a laser display device real 
iZing high luminance using a laser light as a light source, 
having a Wide color reproduction range and considering the 
safety of eyes. 

BACKGROUND ART 

In recent years, laser display devices using laser lights as 
light sources have been brought to attention as high-lumi 
nance laser display devices taking advantage of monochro 
maticity and high luminance of laser lights and having Wide 
color reproduction ranges. 

HoWever, measures for the safety of eyes, for example, by 
devising the construction of an optical system for introducing 
a laser light as a light source to a screen are necessary in the 
case of a laser display device having such excellent proper 
ties. It is also necessary to reduce speckle noise produced due 
to high monochromaticity of laser lights. 

There has been illustrated a projection type image display 
device constructed to be able to ensure the safety of eyes and 
brighten display images (see, for example, patent literature 
1). This projection type image display device includes a pro 
jector means for projecting an image on a screen for image 
display by scanning laser lights, Wherein the laser lights 
includes a plurality of laser beams R1 (red laser 1), G (green 
laser), B (blue laser) and R2 (red laser 2). These plurality of 
laser beams R1, G, B and R2 are irradiated With time differ 
ences substantially to the same positions of the screen by the 
projector means of the display device, and the safety of eyes 
is ensured by reducing the intensities of the laser beams 
projected substantially to the same positions. Further, image 
signals to be applied to the respective laser beams R1, G, B 
and R2 have time differences in conformity With the time 
differences of irradiation so that the preceding laser beam 
delays relative to the succeeding laser beam. By doing so, the 
intensities of the laser beams irradiated to the substantially 
same positions are increased to normal intensities Within a 
speci?ed time range, Whereby a displayed image is bright 
ened. 

There has been also disclosed an example in Which scanned 
beams of light LR (red laser light), LG (green laser light), LB 
(blue laser light) respectively have intensities equal to or 
beloW a speci?ed value and have spatial intervals of a speci 
?ed distance or longer from each other in any of planes at an 
observer side, Whereby the safety of eyes is ensured (see, for 
example, patent literature 2). By doing so, a plurality of 
beams of light are prevented from being concentrated sub 
stantially at same positions to ensure the safety of eyes. 

HoWever, in the above conventional image display device 
or image display method, the construction of the optical sys 
tem to ensure the safety of eyes and the like are disclosed, but 
a construction or a method for simultaneously solving the 
problem of speckle noise produced upon using a laser light is 
not disclosed. Further, there is clearly disclosed no speci?c 
solution for problems concerning the ensuring of the safety of 
eyes and the reduction of speckle noise in the case Where a 
screen is arranged at an arbitrary position. 
Patent Literature 1: 

Japanese Unexamined Patent Publication No. 2005-31529 
Patent Literature 2: 

Japanese Unexamined Patent Publication No. 2005-10616 
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2 
DISCLOSURE OF THE INVENTION 

An object of the present invention is to provide a laser 
display device capable of ensuring the safety of eyes and 
reducing speckle noise even if a screen is arranged at an 
arbitrary position. 
One aspect of the present invention is directed to a laser 

display device, comprising a laser light source for emitting a 
laser light; a modulator for modulating the laser light emitted 
from the laser light source and emitting a modulated light; a 
branching unit for branching the modulated light emitted 
from the modulator into at least tWo branched lights; and an 
optical path setting unit for setting optical paths of the at least 
tWo branched lights so that the at least tWo branched lights 
propagate toWard a screen, Wherein the optical path setting 
unit causes the at least tWo branched lights to reach substan 
tially the same positions on the screen substantially at the 
same timings. 

In the above laser display device, a modulated light emitted 
from the modulator is branched into at least tWo branched 
lights, the optical paths of the at least tWo branched lights are 
set such that the at least tWo branched lights propagate toWard 
the screen, and the at least tWo branched lights reach substan 
tially the same positions on the screen substantially at the 
same timings. Thus, an image having speckle noise reduced 
can be displayed on the screen arranged at an arbitrary posi 
tion. Further, since optical axes of the branched lights differ 
from each other, the safety of eyes can be more reliably 
ensured regardless of at Which position in an emission direc 
tion of the laser light the laser light is seen. 

According to the laser display device of the present inven 
tion, a thin display device With a Wide color reproduction 
range, a large area and a high image quality can be realiZed 
since a laser light source With high luminance and strong 
monochromaticity is used. Further, the laser display device of 
the present invention can display an image having speckle 
noise reduced on the screen arranged at an arbitrary position 
and has a profound effect of more reliably ensuring the safety 
of eyes regardless of at Which position in the emission direc 
tion of the laser light the laser light is seen. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a schematic perspective vieW shoWing an essen 
tial part of a laser display device according to a ?rst embodi 
ment of the invention, and FIG. 1B is a schematic construc 
tion diagram of the laser display device of FIG. 1A When 
vieWed from above, 

FIG. 2 is a schematic diagram of a laser display device 
according to a second embodiment of the invention When 
vieWed from above, 

FIG. 3 is a schematic diagram of a laser display device 
according to a third embodiment of the invention When 
vieWed from above, 

FIG. 4A is a schematic diagram of a laser display device 
according to a fourth embodiment of the invention When 
vieWed from above, and FIG. 4B is a construction diagram of 
a sensor for detecting laser lights, 

FIG. 5 is a schematic diagram of another laser display 
device according to the fourth embodiment of the invention 
When vieWed from above, 

FIG. 6 is a schematic diagram of a laser display device 
according to a ?fth embodiment of the invention When vieWed 
from above, 
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FIG. 7 is a schematic diagram of another laser display 
device according to the ?fth embodiment of the invention 
When vieWed from above, 

FIG. 8 is a schematic diagram of still another laser display 
device according to the ?fth embodiment of the invention 
When vieWed from above, 

FIG. 9 is a schematic diagram of a laser display device 
according to a sixth embodiment of the invention When 
vieWed from above, and 

FIG. 10 is a schematic diagram of a laser display device 
according to a seventh embodiment of the invention When 
vieWed from above. 

BEST EMBODIMENTS FOR EMBODYING THE 
INVENTION 

Hereinafter, embodiments of the invention are described 
With reference to the draWings. It should be noted that same 
elements are identi?ed by same reference numerals and 
description may not be repeatedly made in some cases. The 
draWings mainly diagrammatically shoW the respective con 
stituent elements for easier understanding, and the shapes and 
the like are not precisely shoWn. 

First Embodiment 

FIG. 1A is a schematic perspective vieW shoWing an essen 
tial part of a laser display device according to a ?rst embodi 
ment of the invention, and FIG. 1B is a schematic construc 
tion diagram of the laser display device of FIG. 1A When 
vieWed from above. 
A laser display device 10 according to this embodiment is, 

as shoWn in FIG. 1A, provided With a laser light source 12 for 
emitting a laser light 11, a modulator 14 for modulating the 
laser light 11 emitted from the laser light source 12 and 
emitting a modulated light 13 and a branching unit 16 for 
branching the modulated light 13 into a plurality of branched 
lights 15. Out of the plurality of branched lights 15 branched 
by the branching unit 16, at least tWo branched lights 15a, 15b 
reach substantially the same display positions Pn on a screen 
17 substantially at the same timings. Speci?cally, the modu 
lated light 13 emitted from the modulator 14 is branched into 
tWo branched lights 15a, 15b after being incident on the 
branching unit 16. The branched light 1511 directly propagates 
toWard the display position Pn on the screen 17 from the 
branching unit 1 6, Whereas the branched light 15b propagates 
toWard a mirror 19 from the branching unit 16 and then 
propagates toWard the display position Pn on the screen 17 
after being re?ected by the mirror 19. In other Words, the tWo 
branched lights 15a, 15b reach the same display position Pn 
by Way of different paths. 

The laser display device 10 according to this embodiment 
is further provided With a plurality of scanning units 18 for 
respectively scanning the plurality of branched lights 15 as 
shoWn in FIG. 1A. The ?rst scanning unit 1811 scans the 
branched light 1511 (hereinafter, “?rst branched light 15a”), 
and the second scanning unit 18b scans the branched light 15b 
(hereinafter, “second branched light 15b”) in association With 
the scanning of the ?rst branched light 1511 by the ?rst scan 
ning unit 1811. As a result, the ?rst branched light 1511 and the 
second branched light 15b are scanned at the same positions 
Pn on the screen 17 at the same timings. 

The branching unit 16 of this embodiment includes a half 
mirror 21 as shoWn in FIG. 1A. The modulated light 13 is 
incident on the half mirror 21 of the branching unit 16, 
thereby being branched into the ?rst and second branched 
lights 15a, 15b. The ?rst branched light 1511 re?ected by the 
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4 
branching unit 16 and the second branched light 15b propa 
gating through the half mirror 21 of the branching unit 16 and 
re?ected by the mirror 19 are scanned at the same display 
positions Pn on the screen 17 at the same timings in an order 
of P1QP2QP3 along a horizontal direction D1 shoWn by an 
arroW 20. 

As shoWn in FIG. 1A, the ?rst scanning unit 1811 of this 
embodiment scans the ?rst branched light 1511 in the horizon 
tal direction D1 on the screen 17 by rotating the half mirror 21 
of the branching unit 16. On the other hand, the second 
scanning unit 18b of this embodiment scans the second 
branched light 15b in the horiZontal direction D1 on the 
screen 17 by rotating the mirror 19. The ?rst and second 
scanning units 18a, 18b are both connected to a driver 90, and 
rotate the half mirror 21 and the mirror 19 in accordance With 
commands from the driver 90. A control unit 31 obtains the 
position of the screen 17 and the display positions Pn of the 
?rst and second branched lights 15a, 15b on the screen 17 
moving by the scanning of the ?rst and second scanning units 
18a, 18b, and manages commands outputted from the driver 
90 to the ?rst and second scanning units 18a, 18b based on 
these obtained positions. 

In the laser display device 10 according to this embodi 
ment, the movements of the half mirror 21 and the mirror 19 
are associated by associating the scanning of the ?rst 
branched light 1511 by the ?rst scanning unit 1811 and the 
scanning of the second branched light 15b by the second 
scanning unit 18b, Whereby the ?rst and second branched 
lights 15a, 15b reach the same display positions Pn on the 
screen 17 at the same timings. 

Here, that the ?rst and second branched lights 15a, 15b 
reach a pixel at the same display position Pn at the same 
timing means that the ?rst and second branched lights 15a, 
15b reach the display position Pn of this pixel Within the range 
of a scanning time allotted to this pixel. 
The scanning units 18 (?rst and second scanning units 18a, 

18b) of this embodiment are united With a display position 
controller 22. The display position controller 22 is connected 
to the driver 90 and rotates in accordance With a command 
from the driver 90 as shoWn in FIG. 1A. The control unit 31 
manages commands outputted from the driver 90 to the dis 
play position controller 22 in addition to those outputted from 
the driver 90 to the ?rst and second scanning units 18a, 18b. 
Thus, the movements of the ?rst and second scanning units 
18a, 18b can be associated not only in the horizontal direction 
D1, but also in a vertical direction D2, Whereby the plurality 
of branched lights 15 can be scanned at all the positions on the 
screen 17. 

A feature of the laser display device 10 according to this 
embodiment is that the safety of user’s eyes to the branched 
lights 15 is ensured so as not to affect the user’s eyes even if 
the branched lights 15 are directly incident on the user’ s eyes. 
This point is described beloW. First of all, a case Where the 
user’s eyes are located near an optical path of the branched 
light 15 propagating toWard the screen 17 (position 34 in FIG. 
1B) or a case Where the user’s eyes are located at a distant 
position from the back surface of the screen 17 (position 35 in 
FIG. 1B) is described. In these cases, there is no likelihood 
that a plurality of branched lights 15 are simultaneously inci 
dent on the user’s eyes. 

FIG. 1B shoWs a schematic construction of the laser dis 
play device 10 of FIG. 1A When vieWed from above. The laser 
light 11 emitted from the laser light source 12 is emitted as the 
modulated light 13 from the modulator 14 after being modu 
lated, for example, by an image signal. The modulated light 
13 is branched into a plurality of branched lights 15, for 
example, by the branching unit 16 of FIG. 1A so that the light 
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quantities of the respective branched lights 15 do not damage 
the retinas of eyes. In other Words, in this embodiment, the 
light quantity of one laser beam irradiated toWard the screen 
17 is reduced by branching one modulated light 13 into a 
plurality of branched lights 15. Therefore, the light quantity in 
the case Where one laser beam is directly incident on the 
user’s eyes is reduced, thereby reducing effect on the user’s 
eyes. 
On the other hand, in FIG. 1B, the modulated light 13 is 

branched by the half mirror 21 into the ?rst and second 
branched lights 15a, 15b, Which reach the same display posi 
tions Pn on the screen 17. Accordingly, the light quantity of 
the modulated light 13 at the display positions Pn on the 
screen 17 is substantially the same as the one before being 
branched. In other Words, in this embodiment, one modulated 
light 13 emitted from the modulator 14 is branched into tWo 
branched lights 15a, 15b (?rst and second branched lights 
15a, 15b) and the ?rst and second branched lights 15a, 15b 
are condensed to the same display positions Pn on the screen 
17 by Way of different optical paths. Therefore, an image can 
be displayed at the display positions Pn on the screen 17 With 
the same brightness as in the case of directly irradiating one 
modulated light 13. 

Next, a case Where the user’s eyes are located at positions 
23 (23a, 23b and 230) ofFIG. 1B is described. Inthis case, the 
position of the user’s eyes is located near the display position 
Pn on the screen 17 and a plurality of branched lights 15 
reaching the display position Pn are simultaneously incident 
on the user’s eyes. As a result, the same light quantity as that 
of the modulated light 13 is directly incident on the user’s 
eyes. The plurality of branched lights 15 incident on the user’ s 
eyes are condensed to one point on the retina by a lens of each 
eye, thereby having much effect on the retinas of the user’s 
eyes. 

Accordingly, in the laser display device 10 according to 
this embodiment, angles 01, 02 and 03 formed at the display 
positions (P1, P2, P3, etc.) by arbitrary tWo branched lights, 
eg the ?rst and second branched lights 15a, 15b here out of 
the plurality of branched lights 15 are set equal to or larger 
than 1.5 milliradians and smaller than at radian (180°). By 
setting such angles, even if the plurality of branched lights 15 
are simultaneously incident on the pupils of the user’s eyes, it 
can be avoided that the plurality of branched lights 15 are 
condensed to one point on the retina of each eye. Speci?cally, 
there is no likelihood that the ?rst and second branched lights 
15a, 15b incident on the user’s eyes by the above angles are 
not condensed to one point on the retina of each eye. As a 
result, even if the position of the user’ s eyes is located near the 
display position Pn on the screen 17 and the plurality of 
branched lights 15 are simultaneously incident on the user’s 
eyes, there is no likelihood of giving much effect on the 
retinas of the user’s eyes and the safety of eyes can be more 
reliably ensured. 

Accordingly, if an angle formed by arbitrary tWo branched 
lights 15 at the display position Pn is equal to or larger than 
1.5 milliradians and smaller than at radian, the safety of the 
pupils of eyes can be ensured. Speci?cally, even if the modu 
lated light 13 is branched into branched lights 15 having light 
quantities safe even upon being incident on the eyes and these 
branched lights 15 reach the screen 17, the safety of eyes can 
be ensured regardless of at Which position the user’s eyes are 
located. In other Words, the safety of the user’s eyes can be 
ensured even if the user’s eyes are located at the position 34 
closer to the display position controller 22 for the branched 
lights 15 than the screen 17, even if the user’ s eyes are located 
at the position 35 distant from the back surface of the screen 
17 or even if the user’ s eyes are located at the position 23 near 
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6 
the display position Pn on the screen 17 in FIG. 1B, i.e. 
regardless of at Which position the user’s eyes are located. 

In this embodiment, by setting the angle formed by tWo 
branched lights 15 equal to or larger than 100 milliradians and 
smaller than at radian, effect on the user’s eyes can be sup 
pressed even if exposure to a plurality of branched lights 15 
continues for a long time. 

Further, since the laser display device 10 according to this 
embodiment is of the scan type, the light quantities of the 
respective branched lights 15 are preferably suppressed to 
below 1 mW. 

Since the modulated light 13 is branched into the plurality 
of branched lights 15, Which reach the same display positions 
Pn on the screen 17, there are optical path differences betWeen 
the plurality of branched lights at most of the display posi 
tions Pn. As a result, the speckle noise of a video scanned on 
the entire screen 17 can be reduced. The speckle noise can be 
reduced by adding and averaging speckle noises produced by 
the plurality of branched lights. Thus, by employing such a 
construction, scanning is made on the screen 17 Without 
changing the light quantity of the initial modulated light 13, 
Whereby the laser display device 10 capable of reducing the 
speckle noise and displaying a video With high safety to eyes 
can be realiZed. The speckle noise can be also reduced by 
vibrating the display position controller 22 and the ?rst and 
second scanning units 18a, 18b to temporally change the 
respective optical paths of the branched lights 15. In this case, 
the ?rst scanning unit 1811, the second scanning unit 18b or the 
display position controller 22 may be provided With a mecha 
nism for ?nely vibrating them in vertical or lateral directions 
and may be ?nely vibrated in accordance With a command 
from the driver 90. 

Second Embodiment 

Next, a second embodiment of the present invention is 
described. FIG. 2 is a schematic construction diagram of a 
laser display device according to the second embodiment of 
the present invention When vieWed from above. In FIG. 2, the 
control unit 31 and the driver 90 shoWn in FIGS. 1A and 1B 
are not shoWn in order to simplify the draWing. Of course, a 
laser display device 100 according to this embodiment may 
also be provided With the control unit 31 and the driver 90 of 
the ?rst embodiment. 
The laser display device 10 according to the ?rst embodi 

ment shoWn in FIGS. 1A and 1B has a construction employed 
in the case Where a distance betWeen the display position 
controller 22 and the screen 17 is longer than about 2 m and 
the screen siZe is equal to or beloW 100 inches. In this case, an 
operation can be performed With an angle of about 450 
betWeen the half mirror 21 and the modulated light 13, Where 
fore there is no large difference betWeen the light quantities of 
the branched lights 15a, 15b even if the modulated light 13 is 
branched into tWo branched lights 15a, 15b. 

HoWever, if the distance betWeen the display position con 
troller 22 and the screen 17 is beloW 2 m or the screen siZe 
exceeds 100 inches, the angle of the half mirror 21 largely 
deviates from 45°. Thus, a ratio of the respective light quan 
tities of the tWo branched lights 15a, 15b may deviate from 
10:1. In other Words, if the above distance or siZe is reached, 
the modulated light is incident substantially in parallel With 
the half mirror 21 in some cases. In such cases, the amount of 
the light transmitting through the half mirror 21, i.e. the 
branched light 15b is reduced. As a result, a light quantity 
difference betWeen the branched lights 15a and 15b becomes 
very large. 
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Accordingly, this embodiment is so constructed as to be 
able to branch the modulated light 13 Without causing a large 
light quantity difference betWeen the tWo branched lights 
15a, 15b even if the distance betWeen the display position 
controller 22 and the screen 17 is beloW 2 m or the screen siZe 
exceeds 100 inches. 

In the laser display device 100 according to this embodi 
ment, a laser light 11 from a laser light source 12 is inputted 
to a modulator 14 and a modulated light 13 outputted from the 
modulator 14 can be branched into tWo branched lights 15a, 
15b having substantially the same light quantity by a ?xed 
beam splitter 37 as shoWn in FIG. 2. In other Words, the ?rst 
branched light 1511 is re?ected by a ?xed mirror 38 and 
scanned by a mirror 39. The second branched light 15b is 
scanned by a mirror 19. The tWo branched lights 15a, 15b are 
so scanned as to reach the same display positions P4, P5 and 
P6 of a screen 17 at the same timings. Speci?cally, in this 
embodiment, the modulated light 13 is incident on the beam 
splitter 37 to be branched into the ?rst and second branched 
lights 15a, 15b having the same light quantity beforehand. 
Thus, even if an angle of the mirror 39 increases, there is no 
likelihood of producing a large light quantity difference 
betWeen the ?rst and second branched lights 15a, 15b. 

According to this embodiment, there can be realiZed the 
laser display device 100 capable of reducing the speckle noise 
and displaying a video With high safety to eyes by the scan 
ning on the screen 17 Without changing the light quantity of 
the initial modulated light 13. 

Also in the laser display device 100 according to this 
embodiment, tWo scanning units may be provided to rotate 
the mirrors 19, 39 and may rotate the mirrors 19, 39 in accor 
dance With commands from a driver. 

Third Embodiment 

Next, a third embodiment of the present invention is 
described. FIG. 3 is a schematic construction diagram of a 
laser display device according to the third embodiment of the 
present invention When vieWed from above. In FIG. 3, the 
control unit 31 and the driver 90 shoWn in FIGS. 1A and 1B 
are not shoWn in order to simplify the draWing. Of course, a 
laser display device 105 according to this embodiment may 
also be provided With the control unit 31 and the driver 90 of 
the ?rst embodiment. 

The laser display device 105 according to this embodiment 
uses a laser light source With a large light output unlike the 
laser display device 10 according to the ?rst embodiment. In 
this embodiment, the number of branched lights to be con 
densed to the same display positions can be increased by 
using the high-output laser light source, Whereby a brighter 
image can be displayed. 

In the laser display device 105 according to this embodi 
ment, a laser light 51 is emitted from a high-output laser light 
source 52 as shoWn in FIG. 3. A laser light 51 With a large 
output is modulated and emitted as a modulated light 53 from 
a modulator 54. The modulated light 53 is branched into a 
plurality of branched lights 57 having the same light quantity, 
for example, by a branching ?lter 56 formed by an optical 
block comprised of a combination of half mirrors or a ?ber. 
The respective branched lights 57a, 57b, 57c and 57d are 
scanned by mirrors 101a, 101b, 1010 and 101d to reach the 
same display positions P7, P8 on a screen 17 at the same 
timings. Although an example of branching into four 
branched lights 57 is illustrated in FIG. 3, the modulated light 
may be branched into more branched lights. 

According to this embodiment, there can be realiZed the 
laser display device 105 capable of reducing the speckle noise 
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8 
and displaying a video With high safety to eyes by the scan 
ning on the screen 17 Without changing the light quantity of 
the initial modulated light 53. 

Also in the laser display device 105 according to this 
embodiment, a plurality of scanning units may be provided to 
rotate a plurality of mirrors 101 and may rotate the respective 
mirrors 101 in accordance With commands from a driver. 

Fourth Embodiment 

Next, a fourth embodiment of the present invention is 
described. FIG. 4A is a schematic construction diagram of a 
laser display device according to the fourth embodiment of 
the present invention When vieWed from above. This embodi 
ment relates to a laser display device including a detection 
system capable of detecting a distance betWeen a scanning 
unit and a screen and adapted to superimpose a plurality of 
spots on the screen. FIG. 4B is a construction diagram of a 
sensor for detecting a laser light. In FIG. 4A, the control unit 
31 and the driver 90 shoWn in FIGS. 1A and 1B are not shoWn 
in order to simplify the draWing. Of course, the laser display 
device according to this embodiment may also be provided 
With the control unit 31 and the driver 90 of the ?rst embodi 
ment. 
The laser display device according to this embodiment is 

further provided With an optical system 26 including a sensor 
24 for detecting a laser light 11 and a re?ection mirror 25 for 
re?ecting the laser light 11 in addition to the construction of 
the laser display device 10 of the above ?rst embodiment as 
shoWn in FIG. 4A. In this embodiment, a diffused light 27 
obtained by diffusing the branched light 15a, out of a plurality 
of branched lights 15 branched by a half mirror 21, by a 
diffusing surface of the screen 17 and the branched light 15b 
are introduced to the optical system 26 and the outputs of the 
sensor 24 are compared, Whereby a distance L1 betWeen the 
scanning unit 18 and the screen 17 can be detected. 
A procedure of detecting the distance L1 betWeen the scan 

ning unit 18 and the screen 17 is described beloW. In FIG. 4A, 
the branched light 1511 propagates from the half mirror 21 
toWard the screen 17 at an angle 0A to a vertical direction of 
the screen 17 and is diffused by the diffusing surface of the 
screen 17 at a position Pn on the screen 17. At this time, the 
half mirror 21 is scanned such that the angle 0A approximates 
to 00 as much as possible. The diffused light 27 diffused at the 
position Pn is re?ected after being incident on the mirror 19 at 
an angle 0B, and re?ected by the half mirror 28 to be incident 
on the sensor 24. 

On the other hand, the branched light 15b propagates 
straight through the half mirror 21, is re?ected by the half 
mirror 28 and then by the mirror 25, and reaches the sensor 24 
after passing through the half mirror 28. A condenser lens 36 
for condensing the branched light 15b and the diffused light 
27 to the sensor 24 at this time is arranged near the sensor 24. 
Accordingly, the branched light 15b and the diffused light 27 
are condensed as very small light spots on the sensor 24. 

Here, the branched light 15b is incident on the sensor 24 by 
the setting of the optical system 26, and a light spot B1 of the 
branched light 15b is located substantially in the center of the 
sensor 24 as shoWn in FIG. 4B.At this time, the half mirror 28 
is ?rst adjusted to locate the light spot B1 in the center of the 
sensor. The sensor 24 is, for example, a light receiving ele 
ment made of Si material and is divided into four light receiv 
ing surfaces 24a, 24b, 24c and 24d, Wherein the signals 
received by the diagonally arranged light receiving surfaces 
are detected as a signal by terminals 29, 30 via Wirings 29a, 
29b, 30a and 30b. If the light spot B1 is located in the center 
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of the sensor 24, a difference between photoelectrically con 
verted signals obtained at the terminals 29, 30 is 0. 

If the angle 6B is a suitable value, the light spot B2 of the 
diffused light 27 can be similarly incident on the sensor 24 
and the angle 6B is read by being adjusted by the rotation of 
the mirror 19 to locate the light spot B2 in the center of the 
sensor 24. In this Way, the position of the screen 17 can be 
detected only by reading the signals from the sensor 24. At 
this time, since the modulated light 13 re?ected by the mirror 
19 after passing through the half mirror 28 propagates in a 
reverse direction along the optical path of the diffused light 
27, this modulated light 13 overlaps With the modulated light 
13 re?ected by the half mirror 21 on the screen 17. 

Further, the distance L1 betWeen the scanning unit 18 and 
the screen 17 can be calculated from a distance L2 betWeen 

the mirror 19 and the half mirror 21 and tWo angles 6A, 6B. 
By utilizing this, it is possible to automatically calculate the 
distance L1 and to display an image on the screen 17. An 
image can be displayed on the screen 17 only by reading the 
signals from the sensor 27 even Without calculating the dis 
tance L1. 

The mirror 28 can have, for example, a dielectric multi 
layer ?lm formed on one surface thereof to provide a nonre 
?ecting coating so that transmittance is equal to or above 95% 
and re?ectance is equal to or beloW 4%, Whereby the modu 
lated light 13 can be effectively branched into a plurality of 
branched lights 15. 

FIG. 5 shoWs the construction of a laser display device 40 
capable of displaying an image on the screen 17 by automati 
cally calculating the distance L1 in this Way. A controller 33 
including a storage 32 and a detector 73 is further provided in 
addition to the construction of FIG. 4A. In the laser display 
device 40, the above control unit 31 is included in the con 
troller 33. 
As shoWn in FIG. 5, the laser display device 40 is provided 

With an optical system 26 for detecting the distance L1 
betWeen the scanning unit 18 and the screen 17 and the 
controller 33 including the detector 73 for detecting the dis 
tance L1 to the screen 17 in accordance With signals from the 
sensor 24 of the optical system 26, the storage 32 storing a 
table in Which drive data of the ?rst scanning unit 1811 for 
scanning the ?rst branched light 1511 and the second scanning 
unit 18b for scanning the second branched light 15b in asso 
ciation With the ?rst scanning unit 1811 are set in correspon 
dence With the distance L1 beforehand and the control unit 31 
for controlling these in addition to the construction of the 
above ?rst embodiment. 
By storing data, Which are changed by a set of the distance 

L1 and angles 6A, 6B, and the like in the storage 32 before 
hand, it is possible to detect the position of the screen 17 and 
display an image instantaneously When a poWer sWitch of the 
laser display device 40 is turned on. Accordingly, this laser 
display device canbe applied as a laser display device capable 
of dealing With an arbitrary screen position. 

The laser display device 40 shoWn in FIG. 5 can display a 
bright image having speckle noise reliably reduced With the 
safety of eyes ensured similar to the laser display device 10 
shoWn in FIG. 1A. 

Fifth Embodiment 

Next, a ?fth embodiment of the present invention is 
described. FIG. 6 is a schematic construction diagram of a 
laser display device according to the ?fth embodiment of the 
present invention When vieWed from above, and FIG. 7 is a 
schematic construction diagram of another laser display 
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10 
device according to the ?fth embodiment of the present inven 
tion When vieWed from above. 

Laser display devices 45, 50 according to this embodiment 
are such as to include at least a red light source (R light 
source) 1211, a green light source (G light source) 12b and a 
blue light source (B light source) 120 as laser light sources 12 
in the laser display device 10 according to the above ?rst 
embodiment as shoWn in FIGS. 6 and 7. 

In the laser display device 45 shoWn in FIG. 6, R light, G 
light and Blight are respectively emitted from the R light 
source 12a, G light source 12b and B light source 120, and the 
three lights are introduced to a light mixer 41 via optical ?bers 
42 and then emitted as a modulated light 13 from a modulator 
14 to be used. 

Similarly, in the laser display device 50 shoWn in FIG. 7, R 
light, G light and B light emitted as laser lights 44 from the 
respective R light source 12a, G light source 12b and B light 
source 120 are emitted as modulated lights from modulators 
14, introduced to a light mixer 43 and then emitted as a 
modulated light 13 to be used. In other Words, a plurality of 
modulators 14 for respectively modulating the R light, G light 
and B light and emitting the modulated lights are provided in 
FIG. 7. 

FIG. 8 is a schematic diagram shoWing still another laser 
display device according to the ?fth embodiment of the 
present invention When vieWed from above. In a laser display 
device 55 shoWn in FIG. 8, a modulated light is branched into 
a S-polarized ?rst branched light 4711 and a P-polarized sec 
ond branched light 47b as branched lights 47 by a polarization 
beam splitter 46, and the second branched light 47b is further 
branched into a third branched light 470 and a fourth branched 
light 47d having half the light quantity of the second branched 
light 47b. At this time, three branched lights 47a, 47b and 470 
reach the same display positions on the screen 17. These 
branched lights 47 are scanned in association With each other 
by three scanning units 48a, 48b and 480. In this Way, a 
plurality of branched lights 47 may include the ?rst and 
second branched lights 47a, 47b as the S-polarized and P-po 
larized lights Whose polarization directions are orthogonal to 
each other. 

Here, effects described beloW can be obtained by causing 
the modulated light 13 to be incident on the polarization beam 
splitter 46 and branching it into the ?rst and second branched 
lights 47a, 47b respectively including the S-polarized and 
P-polarized lights Whose polarization directions are orthogo 
nal to each other. In other Words, the three scanning units 48a, 
48b and 480 re?ect the three branched lights 47a, 47b and 470 
in directions toWard the screen 17. Polarization directions of 
the respective branched lights 47a, 47b and 470 are speci?ed 
upon being incident on mirrors of the respective scanning 
units 48a, 48b and 480. Thus, by setting the characteristics of 
the mirrors of the respective scanning units 48a, 48b and 480 
in conformity With the polarization directions of the incident 
branched lights, re?ectances of the respective mirrors can be 
increased. 
Any one of the laser display devices 45, 50 and 55 shoWn in 

FIGS. 6 to 8 can display a bright image having speckle noise 
reliably reduced With the safety of eyes ensured. 

This embodiment may be constructed such that a differ 
ence in the optical path lengths of arbitrary tWo of a plurality 
of branched lights from the respective branching units to the 
display position exceeds a coherence length of the respective 
branched lights. By employing such a construction, an image 
having speckle noise more reduced can be displayed. 

Sixth Embodiment 

Next, a sixth embodiment of the present invention is 
described. FIG. 9 is a schematic construction diagram of a 



US 8,052,280 B2 
11 

laser display device according to the sixth embodiment of the 
present invention When vieWed from above. Although the ?rst 
to ?fth embodiments relate to the scan type laser display 
devices for successively scanning the laser lights on the 
screen to display an image, this embodiment relates to a 
projection type laser display device for projecting and display 
an image on an entire screen by a tWo-dimensional spatial 
light modulation element. 
A laser display device 60 according to this embodiment is 

provided With laser light sources 12 for emitting a laser light 
61, a modulator 63 for modulating the laser light 61 and 
emitting a modulated light 62, a branching unit 65 for branch 
ing the modulated light 62 into a plurality of branched lights 
64, and a projection lens 68 for focusing the respective 
branched lights 64 branched from the modulated light 62 on 
a screen 17. At least tWo branched lights 64a, 64b of the 
plurality of branched lights 64 reach the same display loca 
tion 66 on the screen 17 at the same timing to display an 
image. The modulator 63 includes at least a tWo-dimensional 
spatial modulation element 67. 
A half mirror 58 and a mirror 59 are arranged in the branch 

ing unit 65 of this embodiment, and the mirror 59 is rotated by 
a rotating unit 69. In other Words, the angle of the mirror 59 is 
initially adjusted When a distance L1 to the screen 17 changes. 
Speci?cally, the movement of the projection lens 68 and the 
rotation of the mirror 59 by the rotating unit 69 are both 
carried out in accordance With commands from a driver 90. 
When the distance L1 to the screen 17 changes, the driver 90 
gives a command to move the projection lens 68, Whereby the 
projection lens 68 is moved relative to the screen 17 in a 
vertical direction to focus an image displayed on the screen 
17. Further, the driver 90 gives a command to rotate the mirror 
59 to the rotating unit 69 of the mirror 59 in accordance With 
the command to move the projection lens 68. An angle of 
rotation of the mirror 59 is determined according to a move 
ment amount of the projection lens 68. By doing so, the 
focusing and positioning of the image displayed on the screen 
17 can be simultaneously carried out When the distance L1 to 
the screen 17 changes. 
As shoWn in FIG. 9, the laser light sources 12 of this 

embodiment include a red light source (R light source) 12a, a 
green light source (G light source) 12b and a blue light source 
(B light source) 120, and R light, G light and B light emitted 
from the respective light sources are introduced to a light 
mixer 41 via optical ?bers 42 and emitted as the laser light 61 
from an optical ?ber 71. The laser light 61 is introduced to the 
tWo-dimensional spatial modulation element 67 via a con 
denser lens 72 to be modulated by an image signal. 

Since the laser light 61 reaches a display location 66 on the 
screen 17 after being branched in the laser display device 60 
according to this embodiment, the light quantities of the 
plurality of branched lights 64 are respectively reduced to 
such intensities safe even upon being incident on eyes. HoW 
ever, at the respective positions of the display location 66, the 
light quantity of the modulated light 62 before being 
branched is ?nally collected although being once divided. 
Accordingly, a su?icient brightness can be ensured Without 
reducing the light quantity at the respective positions of the 
display location 66. Since the plurality of branched lights 64 
are collected at the respective positions of the display location 
66, it is also possible to reduce speckle noise. Although the 
modulated light 62 has a high light intensity immediately 
after being emitted from the projection lens 68, it is branched 
by the half mirror 58 so that the branched lights 64a, 64b are 
not simultaneously incident on user’s eyes in a region With a 
high light intensity (immediately after emission from the 
projection lens 68), Whereby the safety of eyes is ensured. 
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12 
Further, the laser display device 60 according to this 

embodiment is provided With the controller 33 including the 
detector 73 for detecting the distance L1 to the screen 17 and 
the storage 32 storing the table in Which the rotation angle 
data by the rotating unit 69 of the mirror 59 for re?ecting the 
second branched light 64b is set in correspondence With the 
distance L1 beforehand. The above control unit 31 is also 
included in the controller 33. Based on these data and table, 
the respective parts and data of the laser display device 60 are 
controlled by the control unit 31 of the controller 33. 
The distance L1 can be measured by incorporating an 

optical detector comprised of a light emitting diode and a light 
receiving element into the detector 73 as shoWn in FIG. 9 and 
using a distance measurement light 81 Which reciprocates 
betWeen the detector 73 and the screen 17. 

According to the laser display device 60 of this embodi 
ment, a bright image having speckle noise reliably reduced 
can be displayed With the safety of eyes ensured. 

Seventh Embodiment 

Next, a seventh embodiment of the present invention is 
described. FIG. 10 is a schematic construction diagram of a 
laser display device according to the seventh embodiment of 
the present invention When vieWed from above. This embodi 
ment relates to a projection type laser display device for 
projecting and displaying an image on an entire screen by a 
tWo-dimensional spatial light modulation element similar to 
the sixth embodiment. 
A laser display device 70 according to this embodiment is, 

as shoWn in FIG. 10, provided With laser light sources 12 for 
emitting a laser light 61, a modulator 63 for modulating the 
laser light 61 and emitting a modulated light 62, and a branch 
ing unit 65 (optical block 74) for branching the modulated 
light 62 into a plurality of branched lights 64. At least tWo 
branched lights 64a, 64b of the plurality of branched lights 64 
reach the same display location 66 on a screen 17 at the same 
timing to display an image. In this embodiment, the branch 
ing unit 65 is constructed by the optical block 74 combined 
With a re?ection mirror. 

In the laser display device 70 according to this embodi 
ment, the modulator 63 includes at least a tWo-dimensional 
spatial modulation element 67. The branching unit 65 is con 
structed by the optical block 74 for branching the modulated 
light 62 at least into tWo branched lights 64a, 64b as described 
above, and a plurality of projection lenses 75, 76 for respec 
tively focusing the branched lights 64 on the screen 17 are 
further provided. The tWo branched lights 64 are the ?rst 
branched light 6411 and the second branched light 64b, Which 
are projected to the same display location 66 on the screen 17. 
As shoWn in FIG. 10, the laser light sources 12 of this 

embodiment include a red light source (R light source) 12a, a 
green light source (G light source) 12b and a blue light source 
(B light source) 120 and R light, G light and B light emitted 
from the respective light sources are introduced to a light 
mixer 41 via optical ?bers 42 and are emitted as the laser light 
61 from an optical ?ber 71. The laser light 61 is introduced to 
the tWo-dimensional spatial modulation element 67 to be 
modulated by an image signal. The modulated light 62 is 
incident on the optical block 74 and emitted therefrom after 
being branched into the ?rst and second branched lights 64a, 
64b. The ?rst and second branched lights 64a, 64b propagate 
as tWo-dimensional images 79a, 79b through the projection 
lenses 75, 76 and are projected as enlarged tWo-dimensional 
images 80a, 80b on the screen 17. At this time, the tWo 
dimensional images 80a, 80b are projected on the screen 17 
With the positions of the respective pixels superimposed on 
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each other. In other Words, the tWo-dimensional spatial 
modulation element 67 serves as tWo left and right apparent 
tWo-dimensional spatial modulation elements 77, 78 and it 
looks as if tWo-dimensional images of these apparent tWo 
dimensional spatial modulation elements 77, 78 Would 
propagate straight to be projected on the screen 17 to become 
the tWo-dimensional images 80a, 80b. 

In the laser display device 70 according to this embodi 
ment, the tWo tWo-dimensional images 80a, 80b are super 
imposed on the screen 17 by adjusting the positions of the 
projection lenses 75, 76. The projection lenses 75, 76 are 
constructed to have the positions thereof adjusted in accor 
dance With a command from a driver 90 as shoWn in FIG. 10, 
and the position adjustments of the projection lenses 75, 76 
are performed in association With each other by the driver 90, 
so that the superimposition of the tWo-dimensional images 
80a, 80b on the screen 17 is quickly and precisely realiZed. 

Since the laser light 61 reaches the display location 66 on 
the screen 17 after being branched in the laser display device 
70 according to this embodiment, the light quantities of the 
plurality of branched lights 64 are respectively reduced to 
such intensities safe even upon being incident on eyes. HoW 
ever, at the respective positions of the display location 66, the 
light quantity of the modulated light 62 before being 
branched is ?nally collected although being once divided. 
Accordingly, a su?icient brightness can be ensured Without 
reducing the light quantity at the respective pixel positions of 
the display location 66. Since the plurality of branched lights 
64 are collected at the respective pixel positions of the display 
location 66, it is also possible to reduce speckle noise. 

The plurality of projection lenses of this embodiment 
include the ?rst projection lens 75 and the second projection 
lens 76, and the tWo-dimensional images 80a, 80b are super 
imposed by, out of the plurality of branched lights 64, dis 
placing an optical axis of the ?rst branched light 6411 pro 
jected by the ?rst projection lens 75 from an optical axis of the 
?rst projection lens 75 and displacing an optical axis of the 
second branched light 64b projected by the second projection 
lens 76 from an optical axis of the second projection lens. 76. 
By employing such a construction, a bright image having 

speckle noise reduced can be more reliably displayed. By the 
displacement of the optical axes of the branched lights and 
those of the projection lenses, images projected on the screen 
17 are intentionally displaced by about 1A of the pixel pitch. 
By this, an effect of eliminating a lattice pattern betWeen 
liquid crystal cells, Which is problematic, for example, in a 
liquid crystal projector and the like, is exhibited, Whereby a 
clearer image With high luminance can be obtained. 

In the above sixth and seventh embodiments, angles 
formed by arbitrary tWo of the plurality of branched lights at 
the display positions these branched lights reach may be set 
equal to or larger than 1.5 milliradians and smaller than at 
radian similar to the above ?rst embodiment. By adopting 
such a construction, even if a plurality of branched lights 15 
are incident on the pupil of the eye 23, it can be avoided that 
the plurality of branched lights 15 are focused on one point on 
the retina of the eye, Wherefore the safety of eyes can be more 
reliably ensured. 

In the above sixth and seventh embodiments, the light 
quantities of the respective branched lights incident on eyes 
located near the projection lenses are preferably suppressed 
to beloW 66 mW. 

The above sixth and seventh embodiments may be con 
structed such that a difference in the optical path lengths of 
arbitrary tWo of a plurality of branched lights from the respec 
tive branching units to the display location exceeds a coher 
ence length of the respective branched lights. By employing 
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such a construction, a bright image having speckle noise 
reduced can be more reliably displayed. 

In the above sixth and seventh embodiments, polarization 
directions of the ?rst and second branched lights may be 
orthogonal to each other. By employing such a construction, 
a bright image having speckle noise reduced can be more 
reliably displayed. 

The above sixth and seventh embodiments may include 
light sources for respectively emitting at least red light, green 
light and blue light as laser light sources and a plurality of 
modulators for modulating the red, green and blue lights and 
emitting modulated lights. By employing such a construction, 
a high-luminance laser display device With a Wide color 
reproduction range can be realiZed. 
The present invention is summariZed as folloWs from the 

above respective embodiments. Speci?cally, a laser display 
device according to one aspect of the present invention com 
prises a laser light source for emitting a laser light; a modu 
lator for modulating the laser light emitted from the laser light 
source and emitting a modulated light; a branching unit for 
branching the modulated light emitted from the modulator 
into at least tWo branched lights; and an optical path setting 
unit for setting optical paths of the at least tWo branched lights 
so that the at least tWo branched lights propagate toWard a 
screen, Wherein the optical path setting unit causes the at least 
tWo branched lights to reach substantially the same positions 
on the screen substantially at the same timings. 

In the above laser display device, a modulated light emitted 
from the modulator is branched into at least tWo branched 
lights, the optical paths of the at least tWo branched lights are 
set such that the at least tWo branched lights propagate toWard 
the screen, and the at least tWo branched lights reach substan 
tially the same positions on the screen substantially at the 
same timings. Thus, an image having speckle noise reduced 
can be displayed on the screen arranged at an arbitrary posi 
tion. Further, since optical axes of the branched lights differ 
from each other, the safety of eyes can be more reliably 
ensured regardless of at Which position in an emission direc 
tion of the laser light the laser light is seen. 

Respective light quantities of the at least tWo branched 
lights are preferably equal to or beloW such a level as not to 
give any effect on the retinas of user’s eyes When the respec 
tive branched lights are incident on the eyes of the user of the 
laser display device. 

In this case, even if the branched lights are incident on the 
user’s eyes, the safety of the eyes can be more reliably 
ensured. 

It is preferable that the at least tWo branched lights include 
a ?rst branched light and a second branched light; and that the 
optical path setting unit includes a ?rst scanning unit for 
scanning the ?rst branched light and a second scanning unit 
for scanning the second branched light and causes the ?rst and 
second branched lights to reach substantially the same posi 
tions on the screen substantially at the same timings by asso 
ciating the scanning of the ?rst branched light by the ?rst 
scanning unit and that of the second branched light by the 
second scanning unit. 

In this case, since the ?rst and second branched lights are 
more reliably scanned at the same display positions on the 
screen While being associated With each other, a bright image 
having speckle noise reliably reduced can be displayed With 
the safety of eyes ensured. 

It is preferable that a sensor for detecting the laser light and 
an optical system for introducing either one of the ?rst and 
second branched lights and a diffused light produced by dif 
fusing the other branched light on the screen to the sensor are 
further provided; and that the ?rst and second branched lights 
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are caused to reach substantially the same positions on the 
screen substantially at the same timings based on a detection 
result from the sensor. 

In this case, a bright image having speckle noise reduced 
can be more reliably displayed by automatically detecting the 
position of the screen and more reliably scanning a plurality 
of branched lights substantially at the same positions on the 
screen. 

It is preferable that a sensor for detecting the laser light, an 
optical system for introducing either one of the ?rst and 
second branched lights and a diffused light produced by dif 
fusing the other branched light on the screen to the sensor and 
a detector for detecting the position of the screen based on a 
detection result from the sensor are further provided; and that 
the optical path setting unit causes the ?rst and second 
branched lights to reach substantially the same positions on 
the screen substantially at the same timings based on the 
position of the screen detected by the detector. 

In this case, a bright image having speckle noise reduced 
can be more reliably displayed by automatically detecting the 
position of the screen and more reliably scanning a plurality 
of branched lights substantially at the same positions on the 
screen. 

It is preferable to further comprise a storage storing data 
setting the association of the scanning of the ?rst branched 
light by the ?rst scanning unit and that of the second branched 
light by the second scanning unit in correspondence With the 
screen position beforehand. 

In this case, a bright image having speckle noise reduced 
can be more reliably displayed by automatically detecting a 
distance to the screen and quickly and reliably scanning a 
plurality of branched lights substantially at the same positions 
on the screen using a preset table. 

It is preferable that a projection lens for focusing the modu 
lated light emitted from the modulator on the screen is further 
provided; that the modulator includes a tWo-dimensional spa 
tial light modulation element; that the at least tWo branched 
lights include a ?rst branched light and a second branched 
light; the optical path setting unit includes a ?rst mirror for 
causing the ?rst branched light to propagate toWard the screen 
and a second mirror for causing the second branched light to 
propagate toWard the screen and causes the ?rst and second 
branched lights to reach substantially the same positions on 
the screen substantially at the same timings by associating a 
propagation direction of the ?rst branched light by the ?rst 
mirror and that of the second branched light by the second 
mirror. 

In this case, the branched lights modulated by the tWo 
dimensional spatial light modulation element can display an 
image having speckle noise reduced on the screen arranged at 
an arbitrary position, and the safety of eyes can be more 
reliably ensured regardless of at Which position in the propa 
gation direction of the laser light the laser light is seen. 

It is preferable to further comprise a detector for detecting 
the position of the screen and a storage storing data setting the 
association of the propagation direction of the ?rst branched 
light by the ?rst mirror and that of the second branched light 
by the second mirror in correspondence With the screen posi 
tion beforehand. 

In this case, a bright image having speckle noise reduced 
can be more reliably displayed by automatically detecting the 
position of the screen and more reliably scanning a plurality 
of branched lights substantially at the same positions on the 
screen. 

It is preferable that the at least tWo branched lights includes 
a ?rst branched light and a second branched light; that the 
modulator includes a tWo-dimensional spatial light modula 
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tion element; the branching unit includes an optical block for 
branching the modulated light into the ?rst and second 
branched lights; that a ?rst projection lens for focusing the 
?rst branched light on the screen by emitting it toWard the 
screen and a second projection lens for focusing the second 
branched light on the screen by emitting it toWard the screen 
are further provided; that the optical path setting unit causes 
the ?rst and second branched lights to reach substantially the 
same positions on the screen substantially at the same timings 
by associating an emission direction of the ?rst branched light 
by the ?rst projection lens and that of the second branched 
light by the second projection lens. 

In this case, the branched lights branched by the optical 
block can display an image having speckle noise reduced on 
the screen arranged at an arbitrary position, and the safety of 
eyes can be more reliably ensured regardless of at Which 
position in the emission direction of the laser light the laser 
light is seen. 

It is preferable that an optical axis of the ?rst branched light 
projected by the ?rst projection lens is displaced from an 
optical axis of the ?rst projection lens; and that an optical axis 
of the second branched light projected by the second projec 
tion lens is displaced from an optical axis of the second 
projection lens. 

In this case, a bright image having speckle noise reduced 
can be more reliably displayed. By displacing the optical axes 
of the branched lights and those of the projection lenses, an 
effect of eliminating a lattice pattern betWeen pixels is further 
exhibited, Whereby a bright image With high luminance can 
be displayed. 
An angle on the screen formed by an incident direction of 

the ?rst branched light on the screen and that of the second 
branched light on the screen is preferably equal to or larger 
than 1.5 milliradians and smaller than at radian. 

In this case, even if a plurality of branched lights are inci 
dent on the eyes, it can be avoided that the plurality of 
branched lights are focused on one point on the retina of each 
eye, Wherefore the safety of eyes can be more reliably 
ensured. 
A difference in an optical path length of the ?rst branched 

light from the branching unit to the screen and that of the 
second branched light from the branching unit to the screen is 
preferably set to exceed a coherence length betWeen the ?rst 
and second branched lights. 

In this case, an image having speckle noise reduced can be 
more reliably displayed. 
A polarization direction of the ?rst branched light and that 

of the second branched light are preferably orthogonal to each 
other. 
The laser light source includes light sources for respec 

tively emitting red light, green light and blue light. 
In this case, a high-luminance laser display device With a 

Wide color reproduction range can be realiZed. 
The modulator preferably includes a plurality of modula 

tion elements for modulating the red, green and blue lights 
and emitting modulated lights of the red, green and blue 
lights. 

In this case, a high-luminance laser display device With a 
Wide color reproduction range can be realiZed. 

INDUSTRIAL APPLICABILITY 

Since using a high-luminance laser light source With a Wide 
color reproduction range, a laser display device according to 
the present invention has a uniform luminance even over a 

large area, a Wide color reproduction range, a high image 






